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- and we’re just starting to probe some interesting new territory...



ATLAS Detector & Data Sample

integrated luminosity vs. time

I I I I I I T I I I

L ATLAS Online Luminosity
[ = 2011pp Vs=7TeV

L mem2012pp Ys=8TeV

[| == 2015pp Vs=13TeV
= 2016 pp Vs =13 TeV

I ——=2017pp Vs=13TeV

ATLAS Inner Detector
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Delivered Luminosity [fb™]
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20
L R = 554mm 10 5:,
( R=514mm 0 j_/l
cor { R = 443mm yan N AW oct
R =371mm Month in Year
. R=299mm

Insertable B-layer:
improved tracking
& flavor-tagging

R =50.5mm
R =33.25mm

R=0mm

R =122.5mm
Pixels R =88.5mm

« Showing results with 36 fb-1 13 TeV 2015+2016 data (~10x more than SUSY16!)
— 26 SUSY results with full dataset = 7 brand new for SUSY17!
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Overview of ATLAS SUSY

* Program of searches for R-parity
conserving SUSY with
» Probe R-parity violating SUSY with

« Search for long-lived particles using
specialized techniques

» Emphasis on natural SUSY:

*3 new results for SUSY17!

SUSY particle cross sections
NLO + NLL, pp, Vs =13 TeV

(S N S S —— X% (higgsinoike)
S —0 :

9 X.%: (wino-like)

e= 2 172 :

8 10 ......................................................................... ’ga.. ...........................................................
g 102 ....................................................................... "1"“_ ............................. T
8 L single generation)

o 10N\ ........ —a’a(1gxdegeneracy) ........................

-1-0-»even-t$-in~36<fb'-1--§ ......................... .....
i N

1 1 1 1 1 1 1 I I
0 500

1000 1500 2000 2500

SUSY particle mass [GeV]

P 1 1 1

sleptons: ewkinosy| stops: | [squarks] |gluinos:
0.5 TeV 1.3TeV/)[15TeV )| 1.9TeV | | 2.3 TeV
\ J
Y

maximum mass reach in 36 fb'! 13 TeV data
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&/ Reconstruction & Background Estimation

|

][ \

background estimation

- Background estimation methods N
— MC normalized in data control regions: > % 2ol Beris
for irreducible backgrounds, e.g. ttbar, VV 1] vra
()] > T
— Data-driven estimates: 4 \ ;
for detector / instrumental effects, e.g. instrumental O | |CR2 == .
E,miss, fake / non-prompt leptons — GiE VRS
— Raw MC: :
for rare backgrounds, e.g. ttZ, VVV observable 1
: RJR for hidden stops*
« Some recent updates & improvements . S — P
— Exploit IBL for long-lived particles Pl Sors 1" é ]
— Recursive Jigsaw Reconstruction (RJR) [1] > i — =1
| -Diboson
— Reduced lepton thresholds: p(e/p) > 4.5/ 4 GeV 2ol l oo ]

{{,7,)=(500,327) GeV ]

— Multi-bin shape fits

/ A 2
see parallel talk: e S A S —— oo T e
. . . 0.0 . . . 3
Kouta Onagi: reconstruction techniques * gmiss
RisR = T A
* — - ISR L
[1] Rogan, Jackson, Santoni, PRD 95, 035031 (2017) mstop - mtop + My gp Pr mi

Dec 13, 2017 SUSY17 8



@ Outline

* Long-lived particles

» R-parity conserving SUSY
— Electroweak production
— 3" generation squarks

— Inclusive squarks / gluinos

* R-parity violating SUSY

Dec 13, 2017 SUSY17 9



Searches for Long-lived Particles

I

Search Final State Sensitivity References
Direct search for disappearing track + E;™ss + exclude m(7y,*) <460 GeV for 1712.02118
charged LLPs 1/4 jets (ISR /gluino decays) Am(x,*,%+°) =160 MeV

Search for LLP displaced vertex probe 1.8 - 2.4 TeV gluinos with  1710.04901

decay products (=5 tracks) + E;™miss T~0(102) - O(10) ns

displaced vertex

300147"1._48 H_I\/—13TeVL328fb1 > e
- iy o - ATLAS Simulation
C 120 GoiaTev ]
9 r Split-susvrvlodel,aeqag?
o 17 R-hadron: ms = 1200 GeV, m%?=100 GeV,t=1ns —
% osf- . " ””." { Standard Tracking ]
o . ‘ # ++++++ + Standard + LRT
O o6, —
o ' + t
; 0.4 +’+ |' |'H H”‘ HH
O ++’++’ 1
T o2y b + -
[ (] L H,* +H‘|. ]
300LC . Rl i 1 > ) S pottonatiey Mabeth o s abieinniitd
2300200 =100 0 100 200 300 0 50 100 150 200 250 300
x [mm] radius [mm]
see parallel talks: _ _
Larry Lee: RPV / long-lived squarks/gluinos Large Radius Tracking
Joey Reichert: disappearing track [ATL-PHYS-PUB-2017-014]
Dec 13, 2017 SUSY17 10



I

Disappearing Track Search

- Search for long-lived charged particles
leading to disappearing track + MET

. e.g. for pure wino-like X; / X,
— Am();, %)~ 160 MeV — ¢t ~ 6 cm (0.2 ns)

Pixel-only tracklets with IBL reduce minimum
track length to 12 cm (from 30 cm in Run-I1)

« Exclude pure winos up to 460 GeV
— Also sensitive to higgsinos...

% %y j production tanp = 5 u>0
-'(Q EA\TL\A\S\\\\‘ T T \\\\H‘ T T T \\\H‘é 'a‘ 10:INTTTT‘TTTTNTTT.T T T 1T \‘ TTTTTTTT
[} 4 —e— Dat ] r Y
X 10" Es=13TeV, 36.1 fb'  wm- Faketrackiet 3 S, ) ¢
3[ R Muon | r i
© 10 gEWhprEO"?SL;Ctlor_] _Il-!adrlogElle(ctron d? () 3F
= o[ FIg T region - Total Backgroun L
108, - 7 97 Signal E E 2
Run-1 search ] 42
(~30cm) 1(:_ 3 QO E E
g7 =
|j.k - 107! 19 %
1 C 08F e
T 1072 1 D) 02 AT g e o]
~ R e
[ e — e 107k 2 ® il ATLAS _
New Run-2 search 10—4 L (mi, ) =(4?0 GeV, 0.20 ns) | ‘,: C Vs=13TeV, 36.1 b 1
(~12cm) o e ©  F Observed 95% CL limit (1 0., ) ]
@ 15 3 004 7 L. Expected 95% CL limit (+1 o,,, ) 7]
-~ $ ‘ 0.03- - ATLAS (8 TeV, 20.3 fb™', EW prod.)
S 1pe L P! ' 0.02 > ... Theory (Phys. Lett. B721 (2013) 252)
8 0.5 4 1 1 1 ALEPH (Phys Lenl B533 (2002) 223)
Ll L L i el P e b P Py
0 100 000 0000 001500 200 300 400 500 eoo 700
Tracklet p; [GeV] chargino mass [GeV]
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Summary of Long-Lived Searches

long-lived charginos long-lived gluinos

1000 LW - 7 KR Status: December 2017 § (R-hadron) > qq 7. ; m 3 = 100 GeV Status: December 2017
; C 36 fb, Ys=13 TeV - - Expected limits 'S' 3000 |— ® Jets+Er"™ anxiv:1712.02332 ({s=13 TeV, 36 fb™) ATLAS Preliminary
O C Disappearing track (pixel-only) arxiv:1712.02118 . B Displaced vertices arxiv:1710.04901 (5=13 TeV, 33 b)) -@- Expected
900 -20.3 " V5=8 TeV —e— Observed limits o C Pixel dE/dx arxiv:1604.04520 (15=13 TeV, 3.2 b™) P
Q) C 18.4-20.3 fb™, Vs=8 Te o O] —e— Observed
—_ = Pixel dE/d N 95% CL limits. ~, | ® Stable charged arxiv:1606.05129 ({s=13 TeV, 3.2 tb™) 95% CL limits
ey 800 |- ° S;:ile cha):ged ar;mviiogzzwz oSUSY not included @ 2500 — Stopped gluino anxv:1310.6584 ({5=7,8 TeV, 5.0,23 fb) Sipeay MOt included
r Hadis eory | . . P
= Disappearing track  arxiv:1310.3675 i
E - ! ! ! : E o
0 ATLAS Preliminary : S A c -
- i i e o o
S enof o O 2000pe _
= - 1 1 : 1500 I : : I 9
S : -_--E--------------I------------------I---I------------------------- ----
O 400 P o - ;
% : ; ; % : 1 1 1 1
300 i i -l - : : P
- a T 1000 = : oo ;
200 |- L3 £ @ o 3
- ] | O - - . _—"_-_----:‘_,
E ‘i i i i 75} o ! : Pl )
100_ I \H‘; | 11 \\H‘ | ;\ | \\H‘ | | \; 11 \Ew 500 E\HHH‘ | \HHH‘! | \HHH‘ | \!\HH‘ ” \!HHH‘ | \HHH‘ | \HHH‘ | \i
prompt 1o 1 .10, stable prompt w0 1 1012 100 18tghle
(r for n=0, py=1) ; Inner Detector i Calo iMS| T [ns] (r for n=0, By=1) Beampipe ‘Inner Detector Calo MS
lllll“ L lilllll“ L L llllHli L L lillHl L
-3 -2 -1 2 3 4
102 10™ 1 10 10 10 10 1 10 10 10 10
CT [mm] CT [mm]
. . . . %
significant improvement at low ct from IBL gluinos up to 1.5 TeV excluded over full range

*assuming m qp = 100 GeV

Dec 13, 2017 SUSY17 12



RPC Electroweak Production

Search Final State Limits References

ewkino 2¢ /3¢ 2/3 leptons + MET max. reach my,,c; ~ 1150 GeV (light sleptons), ATLAS-CONF-2017-039
Myzc1 ~ 580 GeV (no light sleptons)

ewkino 27,4 2T + MET Mpzc1 ~ 580 GeV (light staus) 1708.07875
ewkino 4¢ [13 fb] 42 (=27),,9) + (MET or my) probe up to 1.1 TeV RPV winos ATLAS-CONF-2016-075
: compressed higgsino LSPs  soft ete” / u*u + jet(s) + MET ©>100 (130) GeV for Am( x5, x9) =3 (5) GeV ~ SUSY-2016-25
compressed slepton NLSPs  soft £+¢- + jet(s) + MET mj; > 70 (180) GeV for Am( ?, 12 =1(5) GeV
im; GMSB higgsino NLSPs 4b + MET exclude u between 130-230 GeV and 290-880 ATLAS-CONF-2017-081
GeV for BF(h— h G) = 1
iEW; ultra-compressed higgsinos  disappearing track + jet + MET exclude charged higgsinos up to 152 GeV ATL-PHYS-PUB-2017-019
(reinterpretation of
iEW; 1712.02118)
GMSB with photons Y/yy+MET probe up to 1.2 TeV charginos/neutralinos ATLAS-CONF-2017-080

« 8results — 4 new for SUSY17, including first 3 ATLAS higgsino searches!

« Key for naturalness

« Extremely challenging at hadron colliders

Dec 13, 2017 SUSY17 13



¥ Higgsino Searches

Scenario 1
GMSB higgsino NLSP

% A
g W*/Z* = undetected fermions
Am ' o
M ~few Gevi ; ‘ X
- b4
h/Z
2 G
b
p Wz /Z_ b
H - G
H \\\ G
p h/Z T b
b
hh/hZ/ZZ +MET

hh—4b
ATLAS-CONF-2017-081

Dec 13, 2017 SUSY17 14




Higgsino Searches

Scenario 1 Scenario 2:
GMSB higgsino NLSP higgsino LSP
7N
é W*/Z* = undetected fermions W*/Z* — leptons
: X X
T Am 1 ; P Am $ 7
~few GeV R ! ~few GeV !
Yy P43 2 P4
h/Z
2 G
b
p NWZ/Z;b
H 7 é
H ~ < - G
p h/Z T b
b

hh/hZ/ZZ +MET  soft £*¢- + jet(s) + MET

hh—4b compressed ewkinos
ATLAS-CONF-2017-081

SUSY-16-025

Dec 13, 2017
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Higgsino Searches

][ \

Scenario 1 Scenario 2: Scenario 3:
GMSB higgsino NLSP higgsino LSP ultra-compressed higgsino LSP
7N
é W*/Z* = undetected fermions W*/Z* — leptons W*/Z* = undetected fermions
Am : 5{2 Am 5(2 ~0
S B ~few GeV 1 ‘i":J j{:C': ~few GeV $ V¢’ f;: ~3o€r|\r/|]ev* $ ¥ %%
h/Z

<
—0

=Oo

p N AN

N\

P

hh/hZ/ZZ +MET soft /*¢- + jet(s) + MET disappearing track

hh i disappearing higgsinos
ﬁﬁ ATLAS-COE:-Iz%w-om ﬁﬁ comprseussiﬁg_oez\év inos iﬁ: (reinterpretation)
ATL-PHYS-PUB-2017-019

DeC 1 3, 201 7 S U SY1 7 *Fukuda, Nagata, Otono, Shirai, arXiv:1703.09675 [hep-ph] 1 6



Scenario 1: GMSB higgsino NLSP
hh — 4b+MET

« Select events with =4 jets (=3 b-tagged) + E;™ss
 High-mass search (4 > 300 GeV)

— Trigger on large E{™ss, estimate backgrounds from MC

 Low-mass search (4 < 300 GeV)*
— Use b-jet triggers to probe low E;™ss, extrapolate bkg from 2b data P

[22] T T T T T
5 o ATLAS Preliminary iga‘a égf;;:ebf‘f;g ound
g f—wﬁv 611" | é xS
iIgn-ma results"™ o) . === NLO+NNL FH prod. = 1o
0 g SS results = ATLAS Preliminary Obcemved fimit
AN NN -1
1 — Jdo g S Vs=13 TeV, 24.3-36.1 fb - - - Expected limit
\\\\ AN "5 l 1
) 103 I - + lo
107 = @ + 20
g 3 3 . Al limits at 95% CL
] S
a 2 O I
o ey — 10 1.
low- 1 high-
S S S SA.. S
B35y " ’?ab,,,ﬁ 361y ’?417,,,”’ 95y g ’?417,,,”? B35y " b%”’ﬂ 1 mass l mass
|
R I B o 7 search i search
_ 1O B ATLAS Preliminary {s=13TeV, 24.3 fo" ogati , 10 s . L L .
5 o | SonalRegon _ Backgrou"d " ‘y_. 200 300 200 500 500 700 800 é 1000
M low-mass results S h|ggsmo mass [GeV
2 2 ' ’ ' '

ccccccc

Sl A E | maX. excess *extension of ATLAS di-Higgs search,
56 exclusive (MET meﬁ) bins 4vs.1.0+0.2 see parallel talk Elizabeth Brost
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Scenario 2: Compressed Higgsino / Slepton

I

higgsinos L e sleptons
. O] T ATLAS Simulation F (MG5_aMC@NLO + MadSpin) 7] .
% O.25}@=13Tev wrssrmss ME) x ME)<0 (EPJIC 52, 743) { J f
g C m(,iZ,i?):(mo, 80) GeV ——— (/B (MG5_aMC@NLO + MadSpin) |
|_|>_, 0.2;* . L e M) x MG)>0 (EPJC 52, 743) *;
S e O9SI0 IS _- X
£ 0.15— —E ~< ~
: : i’*’ X4
______ 0.05F-» . -
"""" e ol wino |
0024258‘1‘01‘21‘41‘61‘8?20 22 f
dilepton mass my, [GeV] _
same-sign 2/¢
- Search for direct production of higgsinos using m,, 8 1o [ Amas ey con  Waie ]
. % 10° [ VRSSeenenne Fake/nonprompt  Others ]
« Search for compressed slepton+LSP using M,(¢¥) ¢ wf \\\\\ fake 3
m E E
« Soft leptons drive the sensitivity wof ST La ]
— Lowest electron p; thresholds ever used in ATLAS! F
pr(£,) >4.5/4 GeV ely, m,, >1GeV (vet0 3.0-3.2) = " popp
— Robust fake lepton modeling is key > §
0 5‘“‘10 15 20 25 35‘“‘40
. nghly-optlmlzed selections 2nd |epton pr [GeV]
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Higgsinos & Sleptons

probing territory beyond LEP!

Vs=13TeV, 36.1 fb~"

> T T T T T
@ ATLAS Preliminary -®-Data i, single top 50
O 10 Vs=13TeV, 36.1 fb"y N I Z(—)+jets L r - ]
2 SH;m T X Total SM Diboson > r Expected limit (+10exp) B
* 5 ! Fake/nonprompt Others (¢)) [ Observed limit (+10tneory) |
2 -
m = 10 B X = (105, 100) GeV (D 40 B LEP2 X{ excluded B
o u>.| \\\\\\\\\\ Fi: m@, 75) = (110, 100) GeV e i 1
c e i o ]
O+ L ATLAS Preliminar N
N l 30
m i Vs=13TeV,36.1fb~" 1
m O L ee/ i1, my shape fit ]
m ‘ ] >< 20 All limits at 95% CL _
~— r pp— ,igi{ , x’%i?,ﬂi( (Higgsino)
" n L 0 oo W i
s o[ e AL [ X8 = Z° X0, X — m ]
: n | NN = m(xy) = [m(x8) + m(x9)]/2 d
~ - T q 10 - e
£ 7 A R I I I i R C ]
m ............ NN \\\\\\\\\ F 7
o 0 | | | | | AN r g
oL+ ! ! ]
100 150 200 250
3 - m(xs) [GeV]
8 10* | ATLAS Preliminary - Data t, single top
by V5=13TeV,36.1 b 8 Total SM - i‘i;‘s‘g:ats — 80— ‘ ‘
SRI-mI® -
; 10° Atz Fake/nonprompt Others > [ === Expected limit (£10eyp)
2 r o -
m 5 , —eeeTomi ;(:7) ~ (105, 100) GeV CD s == Observed Ilmlt_(iwmeo,y)
cC = 10 : we e T3 = (10, 100) GoV (O] H ATLAS 8 TeV 7,5 excluded
o L 1 L : L LEP2 ég excluded
—~ 40 L
wjd 10 r .
o zo Y r ATLAS Preliminary
I

NG r
[0 r ee/ ., mY° shape fit
107! — L All limits at 95% CL
s 2 E 20k pp = Ut gl g 0= 63, € e,
[7p] 4 r
~ RN NN N r
- R DRSS Nl [
£ T RHEEREREEEES TNl T i .
] NN NN 10
N A =
el b b b b e b BN R

T T

O100 110 120 130 140 150 160 170 180 190 200
mi% 0 b= L ‘
[GeV] 100 150 200 250
m(¢. r) [GeV]

additional interpretations for winos and NUHM2 (in backup)
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GMSB with photons

* Y/ YY +MET + jets = strong production
— Probe up to 2.2 TeV gluinos / 1.8 TeV squarks

* y/YY +MET — electroweak production
— Probe up to 1.2 TeV charginos/neutralinos

i)
,jij ATLAS Preliminary Ovy ety |:|e—’Y

{s=13TeV, 36.1 b VRS BEWyy [JZyy %SM Total

5
i<}

ng g gproductlon gaqqx aqq(le)G (GGM) 7y+E * final state Xz %, production, ¥ - s(z/h]x 7 an y (y/Z)G(GGM) qu"“s hnal sta(e
- 3500 - T e 2000 ; ; g
3 E ATLAS Prellmlnary bserved limit muw) E E AT/.AS FLrellmlnary 4 Observed hm"‘ ‘"shus) E
z = Expected limit (+15,,,) J 1800 = Expected limit (=10,,) -
< S' 3000 [ 1 — E 1 " B
VR VR2" VRa" VRa" VRs" VRe" VR AL, - ~ - > g Vs=13 TeV, 36.1 fo’ [ Excluded atL=3.2fb", {5=13 TeV ] % 1600 ;f 13 TeV, 36.1 fb° [ Excludod L2001, {56 Tov |
O 00 ER ORI e =
o T T — E ormise” j - £ o 3
c . f . - il > . 51200 [— © -
2 10* ATLAS Preliminary [y + jets Me—y/jet—y [OZy Owy Eﬁx 2000 B E gx F i ]
) a . E ] 1000 © —
- fs=13TeV, 36.1 fb" Wty Clyy/Wyy/Zyy 44SM Total - Data 1500 - E 8 E
E ] 800 — —
1000 - 3 600 — -
E ] 400 [ 1
500 3 E ]
= p 4 3 200 [— —
?_-.\".|...|.Hl.":..l"‘-.”r.--‘ P = T

200 1400 1600 1800 2000 2200 2400 2600 0 200 400 600 800 K ooo 1200 1400 1600 1800 2000

m; [GeV] m..., o m.. [GeV]

X

vRi' vR' vRg' wma' ves' vRe' WR7' VRe' VR WR10" VRii smi. SRl SRl Signal Region Nobs Nesxl\g Sglfs Segfp (eo )235 [fb] (eo >exp[fb] Z (p)
t maX excess ¥i 0.64 2.2 0.060
SR %00 8 2. 68+0 pat 11.5 5453 0.318 0.151% 0% 2.36 (0.009)
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Summary of ATLAS Electroweak SUSY

higgsinos winos

December 2017 December 2017 ATLAS Preliminary  Vs=8,13 TeV, 20.3-36.1 {5
; 50 __ T T T T T T I T T T I T T T I T T T I T T T __ ; C T I T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T I a
L 2¢ compressed, SUSY-2016-25, m(x3) = m(x?) + 2Am(xE, ¥9) o) | === Expectedlimits ~—— Observed limits Al limits at 95% CL .
q) 2 1 1 1 (D

(D L Disappearing track, PUB-SUSY-2017-01, m(x3) = m(x?) 4 -—-1 200’_ XiX; —— via _TL/ vV 2, ATLAS-CONF-2017-039, arXiv:1403.5294 1
= 920 LEP2 ; excluded - i ——via /¥ 2l arXiv:1509.07152 i

I . . . . ] > — via T,/ V. y iv: X y iv: f
S " \ Theoretical prediction for pure Higgsino cif_f i . \‘::: VT,LWV‘ 227 ::;;“,':11133_2298:5 arXiv:1407.0350 ]
! 10 b R | €1000(— XXy ——via T/% 21431, ATLAS-CONF-2017-039, arXiv:1509.07152 =
b C Tl ] B — via WZ 2| compressed, SUSY-2016-25 7
—!H ~— C - ] - —— via WZ 21431, ATLAS-CONF-2017-039, arXiv:1403.5294 T
< C S~ 7 B via Wh  Ibb+hyy+F+31, arXiv:1501.07110 7
= 5 . ) . 800 - -
E N soft 2+¢ -7 1 - X%l %z via %/ 7, 2, arXiv:1708.07875 .
< 5 i JPtas ATLAS Preliminary T Z;ZZ —via T, 31441, arXiv:1509.07152 ]
I - - — — 600 = 0 —+ 0 0 7

e J/S=13TeV, 36.1 fo I ™ R

D R —— T R SRR R KLU U R

1E PP — 3%}, 1340, 14y, ¥4 17 (Higgsino) | 400 =20 '.

C All limits at 95% CL ] ' .
05F —— Observed limits h [
L - == Expected limits i 200 '

1

0oL disappearing higgsines T 7% |
80 100 120 140 160 180 200 200 400 600 800 1000 1200
1) (e \ . ; (%, % %) [GEV]
m e
) ] decays via W*)/Z(*)

\ )

probing territory beyond LEP! Y

decays via sleptons

L%
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¥ RPC 31 generation Searches

Search Final State Max Mass Reach [GeV] References
sbottom 2 b-jets + MET 950 GeV (stop) 1708.09266
860 GeV (sbottom)

stop OL 02 + b-jets + MET 950 GeV 1709.04183

stop 12 12 + jets + MET 950 GeV 1711.11520

with DM+HF

stop 2¢ 20 + MET (+ jets) 720 GeV 1708.03247

stops with Z/h 1/2/32+ b-jets+ MET 870 GeV JHEPO8 (2017) 006

XNEB stop—stau 20 + MET (+ jets) 1160 GeV ATLAS-CONF-2017-079

« 6 results including 1 new result for SUSY17

see parallel talks:

Sara Strandberg: stops/sbottoms

lan Michael Snyder: pMSSM stop resulis
Antonia Miucci: stops with taus or Z/h bosons

Dec 13, 2017 SUSY17 20



Summary of ATLAS 3" Generation Searches

I

800

[GeV]

=< 700

Mo

600

500

400

300

200

100

+ additional searches for t—b ¥ or b—t X2

T, production, > b 7 /T> ¢ 7, /T> Wb %} /T> t %] Status: Dec 2017
LI |II ||| T ||| T ||| ||| T ||| T ||| ||| T I|I_L
T ATLAS Preliminary Vs=13 TeV, 36.1 fo”' ]
T BT T Wy oL [1709.04183] .
Tt T Wb R /T bif Y 1L [1711.11520] -
- BTt T Wb /T bify 2L [1708.03247] 7]
- WToci /Tobnfry Monojet [1711.03301] =
T~ Vs=8TeV,20fb" Run 1 [1506.08616] 7]
= Observed limits ==-= Expected limits All limits at 95% CL ]
v .
C ozl 27 ;
T 1 14 v-I'll 111 |II II| 111 I|I 111 | | ﬁll 111 I|I 1 1 h
200 300 400 500 600 700 800 900 1000

m; [GeV]

500
400
300
200

100

Vs=13 TeV, 36.1 fb™

sbottoms
Bottom squark pair production, 51 —b ;”(?
L L L L L ELL L B
ATLAS S5 Observed limit (=10p007) 3
------ Expected limit (+1 o) .

B ArLASET™ + 2biets, 20.1 b7, ¥5=8 TeV
ATLAS ET* + 2 b-jets, 3.2 fb”, {s=13 TeV_T]

Best bOL SR

e e e e e e e

200 400 600 800 100 1200

and interpretations with full models (pPMSSM)

Dec

13, 2017 SUSY17
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stop 02 and 12

T, production, > b 7 /T> ¢ 7, /T> Wb %} /T> t %] Status: Dec 2017
;‘ 800 I_I TT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | I_I
8 C _ATLAS Preliminary Vs=13 TeV, 36.1 b ]
= T BTt T wby oL [1709.04183] ]
o r
g 700~ Tt T Wb TobiF7 1L [1711.11520] — Workhorses
T BT t7, o Wb, T bifg, 2L [1708.03247] ]
600 BWiocr /Tobffy Monojet [1711.03301] . - ——— : > ‘ ‘ ‘ ‘ ‘
- (s=8Tev, 20" Run 1 [1506.08616] 1 Sl ARyt S 4 8 e ik mii
L ] < r preselection + m2™">50 GeV (] * 2 (* L Preselection (high ET'**) %g{;‘ge'resmp £ Waets
| - A P _ 2 [ Z Single Top b > E
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3 exploit jet substructure for hadronic top tagging
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stop 20

tf, production, ;> b f f'§ X /t—>cx /t—>be /t—>tx Status: Dec 2017
;‘ 800 I_I TT | TTTT | TTTT | TTTT | TTTT | T I TT | TTTT | TTTT | TTTT | I_I
@ C ATLAS Preliminary Vs=13 TeV, 36.1 fb”' 2 H H
G [ AN . o oa1s3) : exploit novel search variables,
- L ; _
3 700 = et T Wb T b7 1L [1711.11520] — H H 1 7
E Fax W) 4 XL 4 XL . - [ ]
BTt ToWby /Tobify 2L [1708.03247] InCIUdlng Super Razor 1
600 —Hiocx, Tobify Monojet [1711.03301] =
: _f§=8TeV,20ﬂ?f1 Run 1 [1506-08616] : D S R R AR AR RARS RSN R AR RS [V L A L L B B B
_ n % L ATLAS e DataiStandard Model{ ' o ATLAS o Daa i\-s«andam Model
[ — imi A imi imi o — < - 1s=13TeV,36.1 fo" tt  WIFNP i < _ b it VZ (lliv, ity
500 Observed limits I%xpected limits All limits at 95% CL R soion ™ E 2 3 fbo;ya ST;;@ﬂs:; by =¥:‘He‘s = e
: : I SR, Different Flavor ;‘; ;" i‘“):(ZSO, 160) GeV ] 10 SRA»body B W (hv) [ Others
C T C -+ 1, mit, £ = (300, 180) Gev | , T1,m{,7)=(300,220) Gev
400 - - 30~ - i, m(i, 7,) = (300, 150) Gev 10 «+ TE,m{f,3)=(320,270) Gev
| _ r 1] 10 A,
B — 20 -
: : r ] S D S SS S RUTIII
300— — = 3
C ] ] 107
| . o R -
200~ q BisE e
- P M\i\\\\\;\\ w\\\\x\\\\\\%\ \\\\\\j S TTEE SRR
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, Ror Rye = Ex™/(pr(t1) + pr(£2))
| I‘. | | 1111 | | 1 1 II“
200 300 400 500 600 700 800 900 1000
off-shell top off-shell top and W
my [GeV]
1 my < Am <my,, Am < my,

[1] Buckley, Lykken, Rogan, Spiropulu, PRD 89055020, 2014 Am = Mgiop — Migp
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Plugging the Gaps

RJR stop 02

mono-jet

s T T > T T
T S L ATLAS e Daa ] ATLAS ®  Data2015:2016
tf, production, ;> b f f'§ X IT>c X IT>Wb7y X IT>t% X Status: Dec 2017 2 E:&;Tsev' 361" 444 SM Total © 13 ToV. 361 b 5 Soncar o
— g1 ) 0 1 2 Signal Region Cowe s
S goo[ T T T T[T T T T T mewe | § RN cmey BRI
[} ATLAS Preliminary {s=13 TeV, 36.1 fo" e, v — ook
(O] . - = § —]
& BT T Wb oL [1709.04183] - | 1 it o et
Sies 0, — (m_,. M__,)= (400, 1000) GeV
N 700 S P Ao We R iob ity AL [1711.11520] = T | — G-sonzzn cov o on o
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- o E] - O 3
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| — E 1.0F 1100 3 ~ 1fe--0.-2 P [} |
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= . = 32 04 06 08 %300 400 500 600 700 800 900 1000 1100 1200
C ] miss m_-o i
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stop—stau Search

« Extend sensitivity to tau-rich models i - &
. . H ’,, %1
« Search in #1,, / 7, 7, channels with large E;™ss and m, . )

[ ]
[
[
[
@

Probe up to 1.16 TeV stops P

1, production, BR(t, — Tbv) =1, BR(t, — <G) = 1

ATLAS 8 TeV, 20.3 fb™" (observed)

\\\\\\\\\l\\\\\\\\\\

105 ||lll|lll|lll|lll|lll|ll|||||—§ — _|||||||||||||||||||||||||||||||||||||||||||_
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RPC inclusive squark/gluino searches

Search Final State Maximum Mass Reach References

OL squarks/gluinos 0 leptons + 2-6 jets + MET Mgiino ~ 2.0 TeV, Mgqoy ~ 1.6 TV 1712.02332

OL squarks/gluinos 0 leptons + 7-10 jets + MET Mgino ~ 1.8 TEV 1708.02794

1L squarks/gluinos 1 lepton + jets + MET Mgiino ~ 2.1 TV, Mgy a0 ~ 1.25 TeV 1708.08232

gluinos with t/b 0/1 lepton + 3-4 b-jets + MET Mgino ~ 2.0 TeV 1711.01901

Z/edge [14.7 fb'] 2 OS leptons + jets + MET Mgiuino ~ 1.7 TeV, Mg . ~ 980 GeV EPJC 77 (2017) 144
SS2L/3L 2 SS leptons/3 leptons Mgiino ~ 1.87 TV, Myy,q4om ~ 980 GeV  1706.03731

GMSB with photons Y/VYy +jets + MET max. reach up to 1.9/2.2 TeV ATLAS-CONF-2017-080

@ squarks / gluinos

e 7 results with 2016 data, 1 new result for SUSY17
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Summary of Inclusive Squark/Gluino Searches ][

jets + MET + nleptons (n =0, 1, 2) jets + MET + m photons (m =1, 2)

December 2017 5500 §—§ prr‘zdu‘ction,’§—qu?”[?—)qcf(y/IZ)(7£ (GGI}A),‘WJ‘,E:‘SS Ifinall stlate I

; 2500 - T r T rrr T r T T T T T T T © ATLAS Preliminary | S Gpserved it (102 ]
8 [ ATLAS Preliminary {s =13 TeV, 36.1 b’ 3000 = (313 TeV, 36.1 o’ R
= L g— qqx 0-lepton, arXiv:1712.02332 4 2500 F- -
S - - 9— an~ 0-lepton, arXiv:1712.02332 T E o o8 3
1 2000~ G qqW5.., 1-lepton, arXiv:1708.08232 — 2000 - = E
S - G- GEWZ, = 7-11 jets, arXiv:1708.02794 ] 1500 [~ E
- g— qu/VZ~ SS leptons, arXiv:1706.03731 B 1000 _— —E
B 9— ttx SS leptons, arXiv:1706.03731 7 3
15001~ §— t%,, = 3b jets, arXiv:1711.01901 ] 500 = =
i g—>be = 3b jets, arXiv:1711.01901 i N ST 1. VE

| i 1200 1400 1600 1800 2000 2200 2400 2600
_ /xx i m; [GeV]

1000 ] s qqpmducnon q—>qx —>q(y/Z)G (GGM) 1 +ET* final state

i " [ ATLAS Preliminary ::::::{:::::: SRR
i 000 *\F 13 TeV, 36.1 fb Lo Expected limit (+10,,,) =
B 500 éﬁL(u,d,c,s,t,b)+aﬁ(d,s,b) j
500 — ek e ]
000 —
- 1500 - =
—l Il Il Il ‘ Il Il | | 1 1 1 | 1 1 1 1 1 | 1 E E
1000 1200 1400 1600 1800 2000 1000 - 3
m(g) [GeV] ¢ 7 ma E

‘?200‘ ‘ ‘1 400‘ ‘ ‘1 600‘ ‘ ‘1 gOO‘ ‘ 132000‘ ‘ ‘2200‘ ‘ ‘2400‘ ‘ ‘2600
m; [GeV]

* Probe up to 2.1 TeV gluinos and « Extend sensitivity to GMSB scenarios —

down to m;i,c-M gp = 100 GeV probe up to 1.8 / 2.2 TeV squarks / gluinos
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§  RPV/Long-lived SUSY Searches

Search Final State Maximum Mass Reach References [1]
i’f""; RPV multijets =4 jets Mgino ~ 1.9 TeV SUSY-2016-22
RPV stop—jj 4 jets Mgiop ~ 610 GeV 1710.07171
RPV stop—b? 2 OS leptons + 2 b-jets Mgiop ~ 1.5 TEV 1710.05544
RPV 1L 1 lepton + 8-12 jets + no MET Mgigino ~ 2.1 T€V, Mg, ~ 1.1 TeV 1704.08493

* 4 results including 1 new result for SUSY17 on RPV multi-jets
— N.B. RPC SUSY searches can also be sensitive to RPV (E;™ss from neutrinos)

see parallel talks:
Larry Lee: RPV squarks/gluinos

Francesca Ungaro: RPV stops
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RPV multi-jets

Fraction of entries

- Search in events with =4 large R jets with large M; = Z m* [1-3]

PT>200GeV
771<2.0

» Data-driven background modeling from templates with ni, <4

— ——— e ——— 7
0'35; Vs =13 TeV, 36.1 fb" ]
03F = ATLAS Preliminary ]
- || --@-- Data :
0.25 |l Multijet (Pythia8) -
E | -.1 Multijet (Herwig++) E
0.2 ..J | — — Multijet (Sherpa) -
- | my = 1000 GeV, m_= 450 GeV-
0.151 e —4— mj = 2000 GeV, m =450 GeV-
C | Z
o.1}I I N =

- | Les, AT A -

— _..I- 'A' A 'A'_A_ -
0.050| - e, =
I e T -

%

oL
>

M [TeV]

[1] Hook et al., JHEP 3 9, 2012
[2] Hedri et al., JHEP 08 136, 2013
[3] Cohen et al., JHEP 05 005, 2014
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HL-LHC Prospects

« Many well-motivated SUSY scenarios require very large lumi

direct staus electroweak SUSY with Higgs hidden stops
¢ t

T ~0 t ~0
_ - 4 X1 - 4 X1
- - - -
-~ -~
-~ -~ ~ -~
oo~ ~0 - ~ >~<()
; iﬁv i | |
T t
T 000 ey e 1g . . . . ———
- ATLAS Simulation Preliminary b E ) s O - 3 e e T a2 7
r _ _ » _ A 800 T 96% CL exclusion (L =300 b7, <u>=60) L Q_ 107 26 e et =
() 500 Vs =14 TeV, L = 3000 fb”, 5> = 200 ] () = 5 6 discovery (L = 3000 b, <>=140) g2 P g =
(D [ — 04,=30% 50 discovery d (D 700 95% CL exclusion (L = 3000 o, <p>=140)/,‘/ 3% 3¢ . R 3
[ =" Opy=30%, 95% excl ] = .~ ATLAS Simulation LS E
— 400 ___ c“:=5o%, 5 discovery ] = 60 O,y =30% o b ) E
C; [ o 0ygm50%, 95% excl o ] C; ~ E Preliminary R A e e E
[ —— 0,,,=20% i LzmEEE el 1 500— o - -
EX 3000— kg 200/,5c:,d|scovery A NN - = 10 E
" Opg=20%, 95% excl LgF e N \\\ - 10 3
C pretiads . 5 ] 400— E =
C ‘,;;f;’.""' N\ LY ] LSBT 2R S =
200 e Vi - 300 1076 E
L PP ] SE e _ 3
E 200~ 10 W e t{, production E
100— - E 107 et My -Me=173GeV
[ HEH ] 100> 1010 F ATLAS Preliminary Simulation Ex;.>ecled P, 3
E | | ! I ! .:: Lo e | ‘ ‘ L : E Vs=14TeV, L=3000fb", u=200 - Expocted p, with 300 1" 5
FE MR B LRI S PR Lt PR Zerf fi TR S T A — TR L =N L L L L h L
200 " 500 300 400 500 600 700 800 %00 400 600 800 1000 1200 10”300 00 500 00 700 800 900 _ 1000

m, [GeV] m( %, x ) [GeV] m; [GeV]
discovery up to ~500 GeV discovery up to ~800 GeV discovery up to ~500 GeV

see parallel talk:
Rachel Rosten: New physics at HL-LHC
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ATLAS SUSY Grand Summary

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
December 2017 ] 7 v— = 7 8 TeV A[e-7.8 13 TeV

Model &ITY Jets ET [Lanm™) Mass limit
qaq)?g 0 ) 26 jets Yes 36.1 m(¥})<200 GeV, m(1¥ gen. §)=m(2™ gen. )
0 G—qX) (compressed) mono-jet  1-3jets  Yes  36.1 m(@)-m(¥))<5 GeV
2 4%} 0 26jets  Yes  36.1 mO?D <200 GeV
m g Foqalt quww?‘,’ 0 26jets  Yes 361 mm)<zoo GeV, m(¥*)=0.5(m(¥})+m(z))
: % L E—qg(LOX) ee, ppt 2jets Yes 14.7 m(¥))<300 GeV,
'S gg, gaqq(lt’/w)/\/l Bepu 4 jets - 36.1 m(¥))=0 GeV
o % 22, g_,quz,yl 0 7-11jets  Yes  36.1 m(¥}) <400 GeV
- S GMSB(ZNLSP) 1-27+0-1¢ 0-2jets  Yes 32
e § GGM (bino NLSP) 2y - Yes  36.1 ¢r(NLSP)<0.1mm
U) GGM (higgsino-bino NLSP) Y 2jets Yes  36.1 m(¥)=1700 GeV, ct(NLSP)<0.1 mm, 0|
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 10~* eV, m(z)=m(g)=1.5TeV
S8 2z gobbt) 0 36 Yes 361 miF)<600 GeV (
. B ,i 28, §otit) 0-1eu 3b Yes  36.1 m(¥))<200 GeV
C Biby, bi—b¥) 0 2h Yes  36.1 7)<420 Gev
m L8 bbbt 2¢,u(S8) 1b Yes  36.1 . 275-700GeV m(¥))<200 GeV, m(x,) m(E)+100 GeV
m g § i1, i bt 0-2epu 1-2b Yes 4.7/13.3 117-170Gev | 200-720 GeV mu?f) = 2m(¥Y), m(¥})=55 GeV |
B8 An, howok) or ] 0-2¢,u 02jets-2b Yes 20.3/36.1 90-198GeVl  01954.0TeV m(r)=1Gev 1506.08616, 17C
o] £ 8 qiy, ik 0 mono-jet  Yes  36.1 m(i)-m(¥))=5 GeV 171 i
fe > § i1 (natural GMSB) 2e,u(2) 1b Yes 20.3 150-600 GeV m(¥})>150 GeV 140
M 53 bhhoR+z 3epu(2) 1h Yes 361 |@ . 290-790 GeV 0 17¢
b, hoi) +h 12epu 4b Yes  36.1 ~ 320-880GeV —
frlig, (>0 2ep 0 Yes  36.
XX, X = bv(ty) 2en 0 Yes  36.1
TR IR9, ] > 2v(a9), B —F10m) 27 - Yes  36.1
=3 )ﬁ@%—»&%@g», ey Seu 0 Yes  36.1 M )=m(E), m(!
; Ws NX-wr iz 2-3eu  02jets  Yes 361 T
B WL, hobb/WW/Tt/yy ey 02b  Yes 203 270 GeV
L TR, 05 —int dep 0 Yes 203 | 635 GeV mE)=m
GGM (wino NLSP) weak prod., ¥]—yG 1 €.+ - Yes  20.3 115-370 GeV
GGM (bino NLSP) weak prod., t)—yG 27 - Yes  36.1 ct<imm
c Dlrect/?f/?f prod., long-| ||ved)(| Disapp. trk 1 jet Yes  36.1 m(¥E)-m(¥))~160 MeV, 7(¥{)=0.2 ns
Direct ¥ X7 prod., long-lived ¥7 dE/dx trk - Yes 18.4 m(¥})-m(E))~160 MeV, (¥} )<15 ns
Q B, Stable,stopped g Rehadron 0 15jets  Yes  27.9 ME)=100 GeV, 10 s<r(z)<1000's =
> S © Stable g R-hadron trk - - 3.2 129
n— E,.g Metastable g R-hadron dE/dx trk - - 32 mE)=100 GeV, 710 ns ~ ~ 20
1 § 8 Metastable g R-hadron, F—qqts displ. vix - Yes 3238 7(8)=0.17 ns, m(¥Y) = 100GeV. -_— 01
m GMSB, stable 7, X1 ¥, fi)+7(e, 1) 1-2p - - 19.1 537 GeV 10<tanB<50 95
GMSB, ¥) -G, long-lived ¥} 2y - Yes 203 | 440 GeV 1<r(?’)<3 ns, SPS8 model 1 2
: 38, M —eev/euv/upy displ. ee/ep/pup - - 20.3 7 <cr(¥)< 740 mm, m(3)=1.3TeV
o LFV pp—, + X, #r—eufet/ut ep,et ut - - 3.2 A5,=0.11, 132/133/233=0.07 1607.08079
f— Bilinear RPV CMSSM 2¢,u(SS)  03b  Yes 203 1.45 TeV m(G)=m(g), crisp<1 mm 1404.2500
T, WX >eev, epv, v dep - Yes 133 m(¥))>400GeV, 1,#0 L ae ponE ane oz
> 2 iti(,ifaowﬁ{,i?qm?, etve Sep+t - Yes 203 m(EN)>0.2xm(¥;), issA .
22, 8—qa%), X - qqq 0 4-5large-Rjets - 36.1 m(¥)=1075 GeV I d f I I d I
o = 1 o S e o also consiaer 1ull moaels
Teu 8-10jets/0-4b - 36.1 m(i)=1TeV, 132320
o o zesiz - 7 810 Gov (PMSSM) — see backup
2ep 2b - 36.1 2 BR(7 —be/p)>20%
Other Scalar charm, é—ct] 0 2c¢ Yes 203 |& 510 GeV m(¥})<200 GeV | | 1501.01325
“Only a selection of the available mass limits on new states or 1 ' ' ' e ' J ! —
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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Stop Program
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-~ Vs=8TeV, 200" Run 1 [1506.08616] 7]
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* Product of collaboration between theorists and experimentalists and
many physicist-centuries of dedicated efforts
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I

Toward a Comprehensive Higgsino Program...

December 2017
[r— - T T T T T T I T T T I T T T I T T T I T T T -
% 20 B 2¢ compressed, SUSY-2016-25, m(x) = m(x0) + 2Am(E, 9)
S Lol | SUSYEOIEOL M =M theory / exp. challenges:
5‘1\_ B ,_"'*" Theoretical prediction for pure Higgsino B
] T ATLAS Preliminary .
~ 10k soft 307 ---_ V5=13TeV, 36,1 fo ' — * New C_hannels, VarlableS,
*ﬁ>’<_ - RN R techniques
€ St soft 2+0-[1-4] - y _ o
b> I 1= Improving soft lepton efficiency
oL /____,,--——/s’oft 2+0- + y? [10] _ & background rejection
14 soft 127 jet + y? [11] 4|+ Reducing systematic
- _ L. ] uncertainties on fake leptons
0.5 monojet? [4-8] VBF+invisible? [9] -
- e R@AUCING thresholds using

80 100 120 140 160 180 200
m(x7) [GeV]

[1] Giudice, Han, Wang, and Wang, PRD 81 115011, 2010

[2] Rolbiecki and Sakurai, JHEP 10 071, 2012 [7] Low and Wang, JHEP 1408 161, 2014

[3] Han, Kribs, Martin, and Menon, PRD89 7, 075007, 2014 [8] Barducci, Belyaev, Bharucha, Porod, Sanz, JHEP 1507 066, 2015
[4] Schwaller and Zurita, JHEP 03 060, 2014 [9] Nelson, Tanedo, Whiteson, PRD93, 115029, 2016

[5] Han, Kobakhidze, Liu, Saavedra, Wu, Yang, JHEP 02 049, 2014 [10] Bramante, Delgado, Elahi, Martin, Ostdiek, PRD90 9 095008, 2014

[6] Baer, Mustafayev, Tata, PRD 89 055007, 2014 and PRD 90 115007, 2014  [11]Ismail, Izaguirre, Shuve, Phys. Rev. D 94, 015001, 2016
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We haven t. found SUSY (yet)

+ But we have some new. rdeas updates and |mprovements |
— Explortrng IBLfor long-lived partrcles S5 :

— Recursive Jigsaw Reconstructlon for drffrcult reglons of parameter space
— Reduced lepton Pr thresholds for compressed searches e |

. And some mterestrng new terntory to explore wrth them



Additional Material
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% Do You Want to Know More?

ATLAS SUSY parallel talks

https://indico.tifr.res.in/indico/conferenceTimeTable.py?confld=5736

Speaker Topic

Koichi Nagai all-hadronic squarks & gluinos
Tova Ray Holmes leptonic squarks & gluinos
Lawrence Lee RPV /long-lived squarks & gluinos
Francesca Ungaro RPV / long-lived stops

Sara Kristina Strandberg stops and sbottoms

Antonio Miucci stops with T, Z, h

lan Michael Snyder pMSSM

Christian Sander gauginos and sleptons
Joseph Reichert higgsinos

Alexander Mann GMSB

Kouta Onogi reconstruction techniques

all ATLAS SUSY results are summarized at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Summary of New Results for SUSY17 il

Search Final State Limits

compressed higgsino LSPs soft e*e  / ptu + jet(s) + MET u>110 (130) GeV for Am( x,, x;) = 3 (6) GeV

compressed slepton NLSPs soft £+¢- + jet(s) + MET m, > 100 (180) GeV for Am( ¢, x,) =2 (4) GeV

GMSB higgsino NLSPs 4b + MET exclude u between 130-230 GeV and 290-880 GeV
for BF(h— h G) =1

ultra-compressed higgsinos disappearing track + jet + MET  exclude chargino masses up to 152 GeV

GMSB with photons Y /vy + MET max. reach up to 1.2 TeV charginos/neutralinos

stop—stau 20 + MET (+ jets) 1160 GeV

mono-jet jet + MET ogp ~ 1043 cm?, M, giaior ~ 1.6 TeV (axial-vector/vector)

DM+HF b-jets + MET Mmediator ~ 1.1 TEV

RPV multijets =4 jets m ~1.9TeV

gluino

References

SUSY-2016-25

ATLAS-CONF-2017-081

ATL-PHYS-PUB-2017-019
(reinterpretation of
ATLAS-CONF-2017-017)

ATLAS-CONF-2017-080
ATLAS-CONF-2017-079
1711.03301

1710.11412
SUSY-2016-22
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ATLAS SUSY (-like) “Excesses”

Search Significance  Signal Region: Selection References
multi-b 2.50 SR-0L-HH: =3 b-jets, =6 jets, MET > 400 GeV, m > 2.5 TeV 1711.01901
v/vyy + MET 2.40 SR 50: 1Y, =25 jets, MET > 200 GeV, m >2 TeV ATLAS-CONF-2017-80
SS uu + b-jets* ttH pgq =3.57] SS 204174+ b-jets ATLAS-CONF-2017-77
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Aside: Recursive Jigsaw Reconstruction [

target signal process assumed decay chain

 Razor [1] — Super-Razor [2] — Recursive Jigsaw Reconstruction (RJR) [3]
* Novel method for reconstructing final states assuming a specific decay chain

« Perform recursive series of Lorentz boosts to transform between frames, using
jigsaw rules to specify unknown degrees of freedom

« Obtain complete set of useful variables diagonalized with physical observables:
angles, energies, masses, etc

« Code from Paul Jackson and Chris Rogan available at http://restframes.com/

[1] Rogan, “Kinematical variables towards new dynamics at the LHC”, arXiv:1006.2727 [hep-ph], CALT-68-2790
[2] Buckley, Lykken, Rogan, Spiropulu, “Super-razor and searches for sleptons and charginos at the LHC,” PRD 89 (2014) 055020
[3] Jackson, Rogan, Santoni, “Sparticles in Motion - getting to the line in compressed scenarios with the Recursive Jigsaw Reconstruction,” PRD95 (2017) 035031

‘April 5, 2017 ANL NP@LHC 41



@ Aside: RJR for Compressed SUSY

* Need to separate jets from SUSY decays ISR je q
(V) from recoil system (ISR) p
q ~0
* Apply jigsaw rule based on minimization of - u

masses in estimated CM frame:

M, =\/MISR+(pIi‘AI;[)2 +\/MS+(p§M)2

Jackson, Rogan, Santoni, PRD95 (2017) 035031

April 5, 2017 ANL NP@LHC 42




¥

Aside: RJR for Compressed SUSY

Need to separate jets from SUSY decays
(V) from recoil system (ISR)

Apply jigsaw rule based on minimization of
masses in estimated CM frame:

M.y, =\/MISR +(p1CSA1g)2 +\/MS +(p§M 2

Reconstruct S vs. B discriminants in CM
frame, e.g.:

e |2 CM | 5 CM miss g

_ oy pISR T o E; - X
RISR = ISR

--------------- ‘ PisR,T Pr m;

PiSk o = vector sum p of ISR jets

Exploit different correlations for S vs. B

Jackson, Rogan, Santoni, PRD95 (2017) 035031

background (V+jets)

Boson + jets

Vs=14 TeV

ISR

signal ( squark — q LSP)

M(G)=700GeV, M(X ) =650 GeV

Vs=14 TeV

Cuante 70 NOD v DN AV 7 40N fi-1

Apr
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Displaced Vertex Search

L ATLAS Simulation
T {s=13TeV

—_
N

>
(&}
c
Q
O I
S o8l s ","*+"*+
- "t
(@)) L ¢ ++
l; : +
..q:') 0.4} 4
(O] C
> 0.2

C Split-SUSY Model, §qd %,
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%
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{ Standard Tracking
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i {4 i,
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[1] Arkani-Hamed and Dimopolous, JHEP 06 (2005) 073

[2] Guidice and Romanino, Nucl. Phys. B 699
[3] Strassler and Zurek, PLB 651 (2007) 374
[4] Barbieri et al., Phys. Rept. 420 (2005) 1
[5] Allanach et al., PRD75 (2007) 035002

(2004) 65

Search for long-lived particles from:

— Gluino decays with very massive quarks (e.g. split SUSY
[1,2]), hidden valley models [3], RPV SUSY [4,5]

Signature:

— Displaced vertex (R ~ 4-100 mm) with high track multiplicity
(=5) and mass (>10 GeV) + MET

Strateqy (specialized algorithms):

— Tracking: 2nd pass Large Radius Tracking (ar.-prys-pus-2017-014]

— Vertexing: find 2-track vertex seeds, merge, discard poorly
associated tracks, require R <30 cm and 1zl <30 cm

2
-_gwE Fr—rr ‘Oblt‘14TV§ %40007“““
S [ ATLAS _oeimtim=aTend @ T ATLAS susv, |
S 107F—13 TeV, L=32.8 fb" i Explmit(s120,) | = 3500, (5=13 TeV, L3281 === Obs limit (107.57) ]
‘g E All I|m|ts at95% CL  —— Obs limit (m =20 TeV) g [ All limits at 95% CL * Exp limit (£104,,)
~0 7
» g%qqx m =100 GeV Exp limit (= 1 20,) ] : gﬂqqxv m;a=100 GeV 1
8 F = 3000F ' .
G [ r
=S _ L ]
o™ (PP—33), m =1.4 Tev E 25001 B
= Onosns (PP—GG), m =14 Te 1 r ]
£ g ] 8 ]
= g2l _ L ]
gm E 2000/—\
o _ 7 4 -
o) 10k Op oL (pp—30), m§=2.0 TeVv N r ]
E 1500~ i
0t ! ! ! ! E . ! ! | L]
102 102 107" 1 10 102 100(}2 —1 5 —1 —0 5 0 0.5 1 1.5
T [ns] Iogw(-: / ns)
(a) Upper limits on production cross section (b) Lower limits on m;
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Additional Stop Interpretations

stops

2
e

1

production,t, - b%., %, W%, ATLAS Preliminary,

Status: ICHEP 2016
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[ m=m,. +20GeV
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ATLAS SUSY Grand Summary:
Full Models (pPMSSM)

ATLAS \s=8TeV, 20.3fb™"
< 200 T3
® 3
o] =)
% 1500 “%
= $
©
(@]
S
1000 ks
C
s}
5
©
500 I L
oL—— P R —— 0
g 1 1 X, “ 2 1ox %
Sparticle

see parallel talks:
lan Michael Snyder: pMSSM stop results
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Direct Dark Matter Production

I

monojet
1711.03301

« Search for high p; jet + MET, no leptons

* Most sensitive to (axial-)vector mediators —
stringent constraints® on spin-dependent DM

q g X
e 9q 9x
mediator Za
q X
o 3G [T
g 10771
S, L
c
Q 10—38 L
1S L
=
9_ [
5 40 I
a 107
© n
1072
90% CL limits
i —— PICO-60
1 0_44 C ATLAS Af(iaI-Vecw.r Mediator |
L Vs =13 TeV, 36.1 fbo' Dirac Fermion DM
9,=025,9 =10
10_46 1 11111“1 1 1111““ 1 1111“11 1 I
2 3 4
1 10 102 10° 10

*axial-vector mediator m, [GeV]

DM+heavy flavor
1710.11412

+  Search for bb+E;™ss, tt+E Miss, b4 E miss
« Starting to probe (pseudo-)scalar mediators!

higgs-like -
mediator ¢/a

1)

[ ATLAS Preliminary
| {s=13TeV, 36.1 b

o/o(g=
T

2

10% = Limits at 95% C.L. —— Observed -

F = = Expected 3

bb+a OL [1710.11412]

F9=979, =1 tt+a OL [1710.11412]
- tt+a 1L [1711.11520]

10=-m() =1 GeV fi+a 2L [1710.11412]

- j+a monojet [1711.03301]

F Pseudoscalar a, a— yy

_____

260 360 ‘
m(a) [GeV]

. . |
20 30 4050 100
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Summary of Dark Matter Searches

pseudo-scalar mediator scalar mediator
/: F T T T T T T T T I T T T 'Z /: [ T T T T T T T T T T T
g.’ ~ ATLAS Preliminary 7 g.’ | ATLAS Preliminary ]
b " Vs=13TeV, 36.1 fb" ] O 403k Vs=13TeV, 36.1 fb" —
© 108 — © - 3
........................ . 102-""""-- —— Observed —
10% £~ Limits at 95% C.L. —— Observed Limits at 95% C.L. - - = Expected E

- - - - Expected 3 —— bb+¢ OL [1710.11412]

- Pseudoscalar a, a— yy tiE+a OL [1710.11412] . Scalar ¢, & - yx 46 OL [1740.11412] )
- g=gq=gx=1 tt+a OL [1710.11412] 107g=gq=gx=1 fird 1L [1711.11520]
tt+a 1L [1711.11520] = _ 4
10 ?m(X) =1GeV ffra 2L (171041412] - m(y) =1 GeV tt+¢ 2L [1710.11412] A
= j+a monojet [1711.03301] B 7
1= = . - E
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« Just starting to probe interesting territory for (pseudo-)scalar mediators!
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Scenario 1: GMSB higgsino NLSPs
hh / hZ = 4b+MET (high-mass search)

b
« Selection
b
— MET triggers P - h/Z//L'
_ 4jets (=3 b-jets) + MET > 200 GeV H__.z G
— Large m_4, m.(b,MET) = suppress ttbar H NN
eff T D h/Z T b
- Strategy b
— Group jets into 2 Higgs candidates by minimizing
AR, = max[ 4R(h,,) , 4R(h,,) ]
— Extrapolate background in SRs with émz ATLAS Preliminary ' ‘gata é;?ntg:ebfgsgrgund ;
m(h,),m(h,) ~ M4 from from CRs with inverted * (5=13TeV, 36.1 B2 oo =
Higgs mass cuts 0 -
o Resu|ts - N NSO OSS N
— Data consistent with background o
(7 overlapping exclusion SRs + discovery SR) ) S O S S S S
_  Exclude y 230-880 GeV for BF(h = h G) = 1 K S it S e
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Scenario 1: GMSB higgsino NLSPs
hh /hZ — 4b+MET (low-mass search)

x
R R a R e e
20 ATLAS Preliminary  (s=13Tev, 243" 200

Extend sensitivity to low-mass higgsinos using b-jet triggers | - 2w
(extension of ATLAS di-Higgs search®) 3

e L M e e ]
ATLAS Preliminary  Vs=13TeV, 243"
[ 4-tagdata 1

ms® [GeV,
8

P RN IR A R AT B T
60 80 100 120 140 160 180 200
mgad [GeV]

« Selection
— =4 b-jets

co v b b b b b Lea o 17
60 80 100 120 140 160 180 200
migad [GeV]

% Faras Prelin-‘linary ‘ cﬂn.Lo, Regi ‘ 3 F ' ATLAS Prefimina ‘ ‘ i
O 10' G=1aTev, 230" glon 1 O 10t Geratev.ziot ry Control Region
« Strateqy T s 3 2 e
aQ )
*QE) 10 *ag) 10° £
. . . . P e 4] g F
— Group jets into 2 Higgs candidates by minimizing N I

120
lead subl

— Extrapolate background from 2b CRs — 4b SRs

* Novel use of BDT for multi-dimensional reweighting
(add backup slide)

Dpp =

Data/Background

.
U
Data/Background

20 40 60 80 100 0
ET* [GeV] ET* [GeV]

max. excess

(4vs.1.0+0.2)
« Results

- ATLAS Preliminary (s=13TeV, 24.31b" 4 Data -

5 E Signal Region [JBackground B

. . . . g O F [ABackground uncertaint) &

— Data consistent with background in 56 exclusive  : S
bins of (MET,m.4) + 2 discovery SRs A E

— Exclude x 130-230 GeV for BF(h = h G) = 1

= & 22K 228 228 & |
i cR8¥REEZoReREBRoREREEG §orerR8E] g§8g-82R888
* see ta I k E | iZa beth B rost 160 <m,, <200 200 <m,, <260 260 <m,, <340 340 <m,, <440 440 <m,, <560 560 <m,, <700 700 <m,, <860
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Scenario 1: GMSB higgsino NLSPs
Interpretations

ATLAS Preliminary = NLO+NNL HH prod. = 1o

—— Observed limit
_ _ -1
Vs=13 TeV, 24.3-36.1 fo - -~ Expected limit
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+ 20
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Higgsino Search: Additional Interpretations
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NUHM2: m =5 TeV, A0=-1.6m0, tanp=15, u=150 GeV, mA=1 TeV
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